Major depressive disorder, especially in later life, has heterogeneous clinical characteristics and treatment responses. Symptomatically, psychomotor retardation, lack of energy, and apathy tends to be more common in people with late-onset depression (LOD). Despite recent advances in psychopharmacologic treatments, 20% to 30% of patients with mood disorders experience inadequate responses to medication, often resulting in a trial of electroconvulsive therapy (ECT). However, the therapeutic mechanism of ECT is still unclear. By using 18 F-fluorodeoxy-D-glucose positron emission tomography-computed tomography ( 18 F-FDG PET/CT), we can obtain the status of brain metabolism in patients with neuropsychiatric disorders and changes during psychiatric treatment course. The object of this case report is evaluating the effect of ECT on brain metabolism in treatment-refractory LOD by PET/CT and understanding the mode of action of ECT. In this case report, we presented a 55-year-old female patient who suffered psychotic depression that was resistant to pharmacological treatment. Several antidepressants and atypical antipsychotics were applied but there was no improvement in her symptoms. The patient presented not only depressed mood and behaviors but also deficit in cognitive functions. We found decreased diffuse cerebral metabolism in her brain 18 F-FDG PET/CT image. ECT resulted in amelioration of the patients' symptoms and another brain PET imaging 7 weeks after the last ECT course showed that her brain metabolism was normalized.
INTRODUCTION
Major depressive disorder, especially in later life, has heterogeneous clinical characteristics and treatment responses. Classification of depression according to age of onset may be a useful approach to understanding its intricate and complex properties. Several studies of late-life depression have focused on age of onset between 40 and 60 years. 1, 2) However, although many studies have been conducted regarding differences between early-onset depression (EOD) and late-onset depression (LOD), only a few consistent differences between these disorders have been identified. Research has shown that EOD is associated with more chronic features 3) and a higher tendency toward suicidal behavior. 4) In patients with EOD, there are more commonly feeling of worthlessness, suicidal ideation and anxiety, whereas psychomotor retardation, lack of energy, and apathy tend to be more common in patients with LOD. 1, 5) The person with LOD have more problems in cognitive function, neurological abnormalities and increased medical comorbidity.
Despite recent advances in psychopharmacologic treatments, 20% to 30% of patients with mood disorders experience inadequate responses to medication, often resulting in a trial of electroconvulsive therapy (ECT). 6) A large body of evidence suggests ECT as an effective treatment especially for severe and treatment-refractory depression, 7) and studies indicate that up to 90% of people with severe treatment-refractory depression improve dramatically with ECT. 
mography-computed tomography (
18 F-FDG PET/CT) we can obtain the status of brain metabolism of patients with neuropsychiatric disorders and the metabolic changes due to ECT. Several studies have described the relationship between depressive disorder and brain metabolism. In this report, we described a case of 55-year-old female patient who suffered treatment refractory depression and cognitive deficit. She presented recovered brain metabolic function by undergoing ECT. The changes of brain metabolism before and after ECT were presented by 18 F-FDG PET/CT.
CASE
A 55-year-old female patient who had suicidal attempt with organophosphate was treated in the department of nephrology for a while and transferred to the department of psychiatry. She had experienced no earlier episode of mood change, but two months prior to admission she started feeling depressed mood and feelings of guilt towards her family members. She had paranoid delusion that her husband had another partner and wanted to murder her for her insurance. The patient had feelings of hopelessness, helplessness, worthlessness, and poor self-esteem. Her depressive symptoms were worsening and she presented with impaired concentration and decreased memory. A complete biochemical workup was negative, including CBC, thyroid hormones, HIV, and syphilis blood tests. She underwent full psychometric evaluation including Wechsler test, cognition and memory function test, REY-KIM memory test, Minnesota multiphasic personality inventory-II (MMPI-II), sentence completion test, symptom check list-90-revised (SCL-90-R), draw-a-person test, mini-mental state examination (MMSE), clinical dementia rating (CDR), Rorschach test, positive and negative syndrome scale (PANSS), and Hamilton rating scale for depression (HAM-D). Her HAM-D score was 43, PANSS score was 113 and MMSE was 20. The differential diagnosis comprised initially psychotic mood disorder, neurodegenerative disease and iatrogenic delirium secondary to medication. The patient presented as medication-resistant during the course of duloxetine, mirtazapine, trazodone, aripiprazole, and quetiapine. Medications for 4 weeks showed no significant improvement of symptoms. To rule out organic brain damages, the patient underwent brain magnetic resonance imaging but there were no significant findings. For evaluating her cerebral function, the patient underwent a 18 F-FDG cerebral PET (Fig. 1A) F-FDG injection and in the subsequent uptake phase. Each PET/CT scan was acquired from the vertex of skull to the skull base during 10 minutes. After CT scanning, a PET scan was performed in the three-dimensional mode. PET images were reconstructed with an iterative reconstruction algorithm with attenuation correction. There was diffuse hypometabolism in the whole brain.
A depressive episode was still suspected clinically and, because medication had little effect, it was progressively reduced. Modified bilateral ECT was applied and the patient underwent 3 weeks of an index course ECT (9 times). Thereafter, there was impressive improvement in the patient's global functioning with complete resolution of symptoms. Her HAM-D score was 4, PANSS score was 34, and MMSE was 29. The final diagnosis was major depressive disorder of high severity with mood congruent psychotic features. After the course of ECT, the patient was discharged on minimal dosage of mirtazapine, aripiprazole, and quetiapine. After discharge, she showed no signs of residual psychosis or mood disorder and greater emotional expressiveness and had no psychomotor retardation or cognitive deficit. Seven weeks after the last ECT, the patient underwent 18 F-FDG cerebral PET (Fig.  1B) for evaluation of her brain metabolism. Image preprocessing was performed using SPM8 (University College of London, UK). Acquired pre/post PET images were co-registered and the relative standard uptake value changes were estimated by image subtraction algorithm. The image was compared with the 18 F-FDG cerebral PET that was obtained before ECT procedure and showed recovery of cerebral metabolism without any evidence of a neurodegenerative process (Fig. 2) .
DISCUSSION
This case report presented the change of brain metabolism before and after ECT procedure in a patient with treatment-refractory LOD by PET/CT imaging. There was increased metabolic activity in cerebral cortex and basal ganglia during the course. In other studies, the patients with LOD showed decreased cerebral glucose metabolism than the healthy group in multiple areas of brain, which might be the cause of cognitive impairment that commonly accompanies LOD.
9)
The use of PET as a probe of the cerebral metabolic rate of glucose (CMR) in depressive patients appears especially promising, because depression is reportedly associated with changes in CMR in different cerebral regions and can be used to display the "resting state" metabolism of the brain. 10) Repeated PET provides an opportunity to explore changes in CMR associated with the use of ECT in vivo. Glucose represents the main source of energy for brain cells. Thus, persistent changes in glucose metabolism patterns are expected to provide a reliable estimate of neuroanatomic metabolism.
11)
Drevets et al. 12) reported reduced cerebral blood flow (CBF) and metabolism in the anterior cingulate cortex (ACC) ventral to the genu of the corpus callosum in patients with depression. And Bell et al. 13) reported decreased CBF in dorsomedial/dorsoanterolateral prefrontal cortex in patients with depression. Reduced glucose metabolism in bilateral anterior and posterior frontal areas represented the most consistent finding of previous studies, despite considerable methodological heterogeneities.
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The study with 6 depressive patients treated ECT found that significant increases of CMR which were presented by PET in basal ganglia, brainstem and occipital lobe. 14) Some researchers found that significant decreased metabolism in left subgenual ACC and hippocampal area in patients with depression; and ECT led to increased metabolism in these areas. 15) However, there are different results that the ECT-induced seizures change from the site of initiation to other specific brain regions and decrease CBF in cingulate and left dorsolateral frontal cortex 30 minutes after induction of seizures.
16) And Nobler et al. 17) have reported reduced regional cerebral metabolic rate for glucose in 10 patients with depression in post-ECT state. Suwa et al. 18) presented the synthetic view of these difference in metabolic change after ECT. In those studies, they have shown that ECT changed CBF and cerebral glucose metabolism which were decreased in depression patients. In our case, increases in glucose metabolism in the frontal, parietal, and occipital regions may have represented the antidepressant effect of ECT.
In this case, we described a patient who did not have any other history of mental disorder before and presented severe cognitive deficit and treatment-resistance. The patient presented a severe and diffuse cerebral glucose hypometabolism on 18 F-FDG. The ECT on this patient showed excellent clinical and radiological result. Awata et al. 19) have reported similar recovered regional cerebral blood flow patterns were shown at 2 weeks and 12 weeks after ECT in depressive patients, because of that the post ECT image was taken 7 weeks later after the last ECT to minimize the effect of psychotropic agent and to evaluate the long-term treatment result. This case illustrates the potential of 18 F-FDG brain PET to demonstrate the normalization of brain metabolism in major depressive episode in patients benefiting from ECT. It also illustrates the efficacy of ECT in the treatment of major depression and suggests that its clinical mechanism is related with changes in metabolic function. Alterations in brain metabolism from depression have been described in multiple regions. The multifactorial effect of numerous psychoactive drugs might have increased the severity of the deficits. 20) We presented the cerebral metabolic changes in the patient with severe LOD and cognitive disturbance. There were several studies reported cerebral metabolic changes during the ECT in depressive patients, but the little of those researches concern with both LOD and cognition. This case report is not only the evidence of classical view of ECT in treatment resistant depression but also the treatment choice of LOD with cognitive deficit.
This case study has some limitations. First, we described one female patient and were unable to compare with other patient(s) with the same conditions. Second, our patient was unipolar depression and it is not certain that the ECT-induced brain metabolic change is replicable in bipolar depressions. Third, the patient had LOD, therefore findings might differ in EOD.
Despite these limitations, FDG-PET represents a promising marker of neuronal cell functions and reflects an epiphenomenon of a complex and dynamic interaction of different neurobiochemical processes. Regardless of these methodological difficulties, research into this area highlights the potential of functional neuroimaging. Changes in metabolic patterns have been correlated with changes in behavioral variables reflecting the severity of the underlying disease; in addition, a link between changes in frontal activity and improvements in clinical symptoms was identified. 17) Further study should include more patients who have depressive episode, and focus on objectifying clinical improvement of depression after ECT to allow a correlation with possible changes in CMR. Follow up PET scans after six or twelve months should be performed to assess possible long-term effects. 21) Clearly, a separation of patients with unipolar depression from patients with bipolar depression should be considered and larger samples of patients are needed to increase statistical power and account for heterogeneity in study cohorts. This work was supported by Soonchunhyang University. The authors have no conflict of interest to declare.
